Objectives. Deep neck infections (DNIs) can cause life-threatening complications, and prompt diagnosis and management are necessary. Kawasaki disease (KD) may be accompanied by deep neck inflammation; making it difficult to distinguish from DNIs. This study was performed to evaluate clinical features and outcomes of children with parapharyngeal and retropharyngeal inflammation.
INTRODUCTION
Deep neck infections (DNIs) occur in potential deep neck spaces formed by deep cervical fascia including parapharyngeal, retropharyngeal, peritonsillar, submandibular, parotid, buccal, and carotid spaces [1] . DNIs can result in life-threatening complications, including airway obstruction and those caused by local dissemination: mediastinitis, necrotizing fasciitis, aspiration pneumonia, jugular vein thrombophlebitis and distant embolism, carotid artery aneurysm and rupture, and cranial nerve palsies [1] . Therefore, prompt diagnosis and treatment are necessary. Traditionally, surgical incision and drainage (I&D) was the mainstay of treatment for DNIs [1, 2] ; however, surgical and anesthetic procedures may cause adverse events, and surgical approaches in infections of parapharyngeal and retropharyngeal spaces are more difficult to perform than in other deep neck spaces.
Kawasaki disease (KD), the most common cause of acquired heart disease in children in developed countries, is a systemic vasculitis diagnosed based on clinical manifestations including fever lasting for ≥5 days and four of five clinical findings: extremity changes, rash, conjunctivitis, oral changes, and cervical lymphadenopathy (LAP) [3] . Because the incidence of KD is higher in East Asian children than in Western children [3] , KD should be considered for the differential diagnosis in East Asian children with prolonged fever. However, KD can manifest as only fever and cervical LAP or accompanying retropharyngeal inflammation [4] [5] [6] [7] [8] . Although infectious cervical LAP and DNI should be excluded in these patients due to their different treatment strategies, comparative studies between children with KD and accompanying retropharyngeal inflammation and those with DNIs are rare [4] [5] [6] , compared to studies comparing children with KD and accompanying cervical LAP and those with infectious cervical LAP [7] [8] [9] [10] [11] .
At our hospital, we experienced several children who initially presented with DNIs and were eventually diagnosed with KD. This study was performed to evaluate clinical features and outcomes of Korean children initially diagnosed with parapharyngeal and retropharyngeal inflammation (cellulitis and abscess) using a neck computed tomography (CT).
MATERIALS AND METHODS

Subject
Children in whom a neck CT was performed for suspicious DNI were recruited from among children admitted to the Department of Pediatrics, Seoul St. Mary's Hospital, Seoul, Korea between January 2013 and December 2017. Children with cellulitis or abscess in the parapharyngeal or retropharyngeal space based on neck CT findings were included in the present study. Immunocompromised children, traumatized children, and those with cervical structural anomalies were excluded. Children with a neck CT showing peritonsillar abscess, superficial cellulitis, or superficial lymph node abscess without accompanying parapharyngeal or retropharyngeal inflammation were also excluded. This study was approved by the Institutional Review Board of Seoul St. Mary's Hospital with a waiver of acquiring informed consent (IRB No. KC18RESI0760).
Data collection
Medical records of the enrolled children were retrospectively reviewed. Demographic data, including sex and age, were collected. Clinical data, including final diagnosis at hospital discharge, fever duration before and after admission, accompanying symptoms and head and neck examination findings on admission, and treatment modality were investigated. White blood cell count, hemoglobin level, platelet count, erythrocyte sedimentation rate, C-reactive protein (CRP) and lactate dehydrogenase levels, and aspartate transaminase (AST) and alanine transaminase (ALT) levels were collected. The location (parapharyngeal or retropharyngeal space) and type (cellulitis or abscess) of deep neck inflammation were confirmed based on neck CT findings. Cellulitis was defined as the presence of non-enhancing hypodense lesions in the parapharyngeal or retropharyngeal space, and abscess was defined as the presence of a hypodense lesion with complete rim enhancement.
Statistical analysis
The enrolled children were divided into two groups based on final diagnosis at hospital discharge: DNI and KD groups. Demographic, clinical, and laboratory data were compared between established groups. Categorical and continuous factors were compared using Fisher's exact and Mann-Whitney tests, respectively. The SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) was used for statistical analyses, and statistical significance was defined as P<0.05.
RESULTS
Neck CTs were performed in 96 children during the study period. Among them, 47 children were enrolled in the present study; excluding 49 children without definite parapharyngeal or retropharyngeal inflammation on CT. The median age of the enrolled children was 4 years (range, 0 to 11 years), and 30 (63.8%) of them were males. Deep neck abscess and cellulitis were identified based on CT findings in 16 (34.0%) and 40 (85.1%) children, respectively. Nine children (19.1%) had both a deep neck abscess and cellulitis (Table 1) . Four (25.0%) of the 16 children with a deep neck abscess had concurrent parapharyngeal and retropharyngeal abscesses. Nine (22.5%) of 40 children with retropharyngeal cellulitis and one (6.3%) of 16 children with parapharyngeal or retropharyngeal abscess had an accompanying peritonsillar abscess. Superficial lymph node abscess was seen in two (5.0%) of 40 children with retropharyngeal cellulitis.
Comparison between the DNI and KD groups
The final diagnosis was KD in 11 children (23.4%) and DNI in 36 children (76.6%). The children diagnosed with KD com-A quarter of children presenting with deep neck inflammation were eventually diagnosed with Kawasaki disease.
Significantly more children with Kawasaki disease were febrile for ≥3 days after admission compared to those with deep neck infections (P=0.009).
Deep neck abscesses were observed in 44.4% of children with deep neck infections and in no child with Kawasaki disease (P=0.009). plained of fever lasting for a median of 2 days (range, 0 to 5 days) on admission, and fever continued for a median of 4 days (range, 2 to 6 days) after admission. Clinical manifestations fulfilling KD diagnostic criteria developed within a median of 6 days (range, 4 to 9 days) of fever in all children with KD. Sex, age, symptoms, and laboratory results on admission were not significantly different between the DNI and KD groups ( Table 2) . On physical examination, cervical LAP was found in more chil-dren in the KD group than those in the DNI group (100.0% vs. 66.7%, P =0.044). Although the fever duration on admission was not significantly different between the two groups, the fever duration after admission was significantly longer in the KD group than in the DNI group; significantly more children in the KD group experienced fever lasting ≥3 days after admission compared to those in the DNI group (P =0.009). Neck CT revealed a deep neck abscess in 44.4% of children in the DNI group and no child in the KD group (P=0.009) ( Fig. 1) . Among 31 children with deep neck cellulitis without abscess, 11 (35.5%) experienced fever lasting ≥3 days, and eight (72.7%) of them were finally diagnosed with KD ( Fig. 1 ).
H L I I G G H H T S
Treatment and outcomes of the DNI group
Thirty (83.3%) of the 36 children with DNI were cured with antibiotic therapy alone. The combination of intravenous amoxicillin/clavulanate and clindamycin was the most frequently administered empirical antibiotic regimen (36.1%) ( Table 3) . Seven children (19.4%) empirically received second-or third-generation cephalosporin and clindamycin combination therapy, and therefore, clindamycin was empirically administered to 55.6% of the DNI group (Table 3) . Eight (22.2%) and six (16.7%) children empirically received amoxicillin/clavulanate and a secondor third-generation cephalosporin, respectively. The remaining two children (5.6%) empirically received amoxicillin/clavulanate, cefotaxime and clindamycin combination therapy. Glycopeptides were not administered at all. Although fever duration after empirical antibiotic therapy was not significantly different according to empirical antibiotic agents, six (75.0%) of the eight children receiving empirical amoxicillin/clavulanate and five (83.3%) of six children receiving empirical second-or third-generation ceph-alosporin eventually received clindamycin add-on therapy based on clinical response. Six children (16.7%) in the DNI group underwent surgical intervention: aspiration in two children and I&D in four children. Surgical intervention was performed to treat deep neck abscess in three (50.0%) children; whereas, the remaining three children (50.0%) underwent surgical treatment for accompanying peritonsillar or superficial lymph node abscess. Aspiration for parapharyngeal and retropharyngeal abscesses was performed in one child due to prolonged fever until the 6th day of admission, and I&Ds were performed for a retropharyngeal abscess in one child due to respiratory distress that developed after admission and a parapharyngeal abscess in another child due to an undefined cause based on the attending physician's decision. The longest diameters of abscesses in the three children who underwent surgical intervention were 8.0 mm, 30.7 mm, and 41.0 mm, respectively. The median of longest abscess diameter in the 13 children not undergoing surgical intervention was 22.0 mm (range, 10 to 40 mm). Among the three patients who underwent surgical treatment despite a diagnosis of deep neck cellulitis, aspiration was performed for a peritonsillar abscess in one child due to respiratory distress on admission, and I&Ds were performed for superficial lymph node abscesses in the remaining two children due to impending rupture.
Treatment and outcomes of the KD group
All of the 11 children diagnosed with KD received intravenous immunoglobulin (IVIG, 2 g/kg). One of them received a second dose of IVIG therapy due to relapsing fever 3 days after the first dose. Their fever disappeared within 24 hours and 3 days after IVIG administration in six (54.5%) and the remaining five children (45.5%), respectively. Coronary complications on echocardiography were identified in two (18.2%) of the KD patients initially, which resolved after 2 months of aspirin therapy in one and leaved coronary aneurysm in the other patient.
DISCUSSION
In the present study, a quarter of children initially diagnosed with DNIs based on neck CT findings were eventually diagnosed with KD. Deep neck abscesses were observed more frequently in children with DNIs than in those with KD; however, the fever duration after admission was significantly longer in children with KD than in those with DNIs. Retropharyngeal inflammation was observed in 3.6% of patients with KD [4] ; however, the exact incidence of retropharyngeal inflammation in patients with KD has not been defined because cervical imaging studies are not a routine examination for diagnosing KD. Because the incidence of KD is higher in East Asian children including Koreans than in Western children [3, 12] and KD can accompany deep neck inflammation [4] [5] [6] , clinicians should be suspicious for KD in East Asia children presenting with fever and cervical LAP with accompanying symptoms and signs of DNI, such as neck pain and swelling, odynophagia, dysphagia, trismus, neck mass, and limited neck motion [1] . Early differentiation between KD with deep neck inflammation and DNI should be necessary for an appropriate treatment. In previous studies, children with KD who initially presented with only fever and cervical LAP showed high CRP, AST, and ALT levels and higher frequency of retropharyngeal inflammation on neck CT compared to children with infectious cervical LAP [7] [8] [9] [10] [11] . Most of clinical and laboratory findings were not signifi-cantly different between children with KD and those with retropharyngeal infection, with the exception of a higher frequency of neck pain and dysphagia in children with retropharyngeal infection compared to those with KD [4] . The present study showed no significant differences in clinical and laboratory factors on admission between children with KD and those with DNI. However, after admission, fever subsided within 3 days of antibiotic therapy in most children with DNI, while fever persisted for 3 days or longer in most children with KD despite antibiotic therapy. In a previous report, fever lasted longer after admission in children with KD presenting with only fever and cervical LAP than in those with infectious cervical LAP [7] . In addition to persistent fever, clinical features further suggesting KD developed within 5 to 7 days of hospitalization in almost all patients who were eventually diagnosed with KD both in previous reports and the present study [4, 5, 7, 9, 13] . Neck CT revealed an abscess in none of the children with KD in the present study, and previous studies also reported cellulitis rather than abscess in most children diagnosed with KD [5, 7, 8] . Therefore, KD should be considered when fever persists for more than 3 days despite antibiotic therapy in children with CT-identified deep neck cellulitis. These children should be closely monitored for additional manifestations of KD.
Traditionally, surgical intervention was the mainstay of treatment for DNIs [2, 14] . However, parapharyngeal and retropharyngeal spaces are more difficult to access surgically than other deep neck spaces, such as the peritonsillar and submandibular spaces, and adverse events arising from surgical and anesthetic procedures should be considered. Many researchers have reported successful antibiotic therapy without surgical intervention in children with DNIs [15] [16] [17] [18] [19] [20] [21] . Surgical intervention was performed in 16.7% of children with DNIs in the present study; 8.3% when three children undergoing surgical intervention for accompanying peritonsillar and superficial lymph node abscesses were excluded. In the present study, children with DNIs became afebrile after a median of 2 days of antibiotic therapy; leaving 8.3% of children febrile after 4 days of antibiotic therapy. Children with KD, who never need surgical intervention, showed clinical features fulfilling KD diagnostic criteria after a median of 3 days of hospitalization. Therefore, empirical antibiotic therapy for 3 to 4 days after admission rather than early surgical intervention can be appropriate in children with deep neck inflammation. Surgical intervention can be considered in children with fever persisting after 3 days of antibiotic therapy after KD has been excluded if they do not present with lifethreatening complications including respiratory distress.
The present study has some limitations including biases arising from its retrospective design. First, the number of enrolled children was small. We excluded children with inflammation of superficial lymph nodes, and peritonsillar, submandibular, and parotid spaces because the decision to proceed with surgical intervention can be made more easily in these patients compared to those with parapharyngeal and retropharyngeal inflammation. Second, the DNI group may have included patients with cervical LAP not caused by infection because a specimen to identify infectious microorganisms was not collected from most of the enrolled children. However, the favorable outcomes of enrolled children after antibiotic therapy suggest infectious causes.
In conclusion, a portion of Korean children presenting with deep neck inflammation were eventually diagnosed with KD. Therefore, KD should be considered in children showing deep neck inflammation unresponsive to empirical antibiotic therapy after 3 days, especially in children presenting with deep neck cellulitis rather than deep neck abscess.
